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POWER SUPPLY METHOD AND APPARATUS 

Field of the Invention 

The present invention relates generally to the use of power supply systems. 
More particularly, the present invention relates to the application of power supply 
circuitry and systems so as to improve the regulation and dynamic response of the 
supplied voltage, as well as its current distribution. 

Background Information 

High-speed circuitry, such as that used in modern microprocessors, demands 
the presence of a high-performance power supply. That is, voltage regulators that 
supply power to a central processing unit (CPU), for example, must provide high- 
speed dynamic response and tight voltage tolerance. Essentially, a responsive 
power source (e.g., a local switching regulator), along with low impedance power 
delivery and decoupling are required. Unfortunately, the speed of voltage regulators 
available today continues to be constrained by power field effect transistor (FET) 
device technology. The presence of decoupling capacitors, device packaging, 
sockets, and circuit boards also serves to limit the designer's ability to deliver low 
impedance power. 

For example, in the case of a CPU, power is typically applied to one side of 
a multi-sided CPU socket attached to a motherboard. Even if a state of the art 
voltage regulator and decoupling capacitors are used, large voltage droops may 
appear at the socket pins, as well as unbalanced current distribution. Ultimately, 
CPU socket power delivery capability is limited, the performance of the CPU may 
be affected, and the socket life may be shortened. 

This can be easily seen with reference to prior art Figure 1, illustrating a 
single voltage regulator (VR) which provides power to a socketed CPU. For 
convenience, the socket sides can be labeled as North "N" and South "S". The VR 
101 powers the socketed CPU 102 by way of the socket pins 103 (on the N side of 
the socket) and socket pins 104 (on the S side of the socket), as well as by using the 
motherboard traces 105. Such prior art power delivery systems are subject to 
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voltage droops on the order of 10 %, or greater, as the CPU 102 operates and current 
demands rapidly change. Because the current required by the CPU 102 flows 
through unequal impedances (since the impedance of the motherboard traces 105 is 
added to that of the S socket pins 104, and not to the impedance of the N socket pins 
103), the current from the VR 101 is not shared equally between the N side socket 
pins and the S side socket pins. The increased impedance provided by the 
motherboard traces 105 also tends to increase the voltage droop of the VR 101. 

Thus, there is a need to provide a power supply method and apparatus which 
minimizes the inequitable distribution of current of the prior art, increasing CPU 
socket life. Such a method and apparatus should also operate to increase the ability 
of voltage regulators to provide a tightly controlled source of voltage, reducing the 
amount of droop encountered when large quantities of current must be delivered 
quickly. 

Brief Description of the Drawings 

Figure 1, previously described, is a block diagram of a prior art power 
supply system; 

Figure 2 is a block diagram of a power supply system, circuit board, and 
computer, according to various embodiments of the present invention; 

Figure 3 is a flow chart illustrating a method of providing power to a circuit 
element, according to an embodiment of the present invention; 

Figure 4 is a graph which shows the improvement in supply voltage droop 
which may be obtained using an embodiment of the present invention; and 

Figure 5 is a graph which shows the improvement in supply current 
distribution which may be obtained using an embodiment of the present invention. 

Description of the Preferred Embodiments 

In the following detailed description of the invention, reference is made to 
the accompanying drawings which form a part hereof, and in which are shown by 
way of illustration, and not of limitation, specific embodiments in which the 
invention may be practiced. In the drawings, like numerals describe substantially 
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similar components throughout the several views. The embodiments illustrated are 
described in sufficient detail to enable those skilled in the art to practice the 
invention. Other embodiments may be utilized and derived therefrom, such that 
structural, logical, and electrical circuit substitutions and changes may be made 
without departing from the scope of the invention. The following detailed 
description, therefore, is not to be taken in a limiting sense, and the scope of the 
invention is defined only by the appended claims, along with the full range of 
equivalents to which such claims are entitled. 

Figures 2 includes a block diagram of a power supply system according to 
an embodiment of the present invention. The power supply system 200 may include 
an electrical circuit 210 with a plurality of power and return connection terminals, 
with power supplied by two or more voltage sources 212. The power may be 
supplied directly to the power and return connection terminals of the circuit 210, or 
to one or more sockets 214, via power and return connection terminals which may 
be electrically coupled to the circuit 210 and the voltage sources 212. Thus, power 
may be supplied to a circuit element 215, which may be a CPU, a microprocessor, a 
memory, an integrated circuit, or indeed, any circuit which uses electrical power, or 
which delivers electrical power, such as a socket, or socket pins, or a combination of 
circuitry and sockets, such as a microprocessor mounted in a socket. 

The system 200 may include one voltage source 216 having a phase output 
218 at a voltage Vi. The system may include another voltage source 220 having a 
phase output 222 at a voltage V 2 . The system 200 may also include any number of 
additional voltage sources, such as voltage source 224 having a phase output 226 at 
a voltage V 3 , and a voltage source 228 having a phase output 230 at a voltage V 4 , 
for example. It should be noted that the nominal values or magnitudes of the 
voltages Vi, V 2 , V 3 , and V4 are usually selected to be approximately equal. As used 
herein, voltages are "approximately" equal when they are within the published 
manufacturer's supply voltage tolerances for the circuit logic with which they are 
used (e.g. Some "3.3" volt logic may have a specified supply voltage tolerance of 
about 1.8 volts to 3.6 volts; in this case any voltages supplied between these 
extremes can be considered "approximately equal".). 
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Each one of the voltage sources 216, 220, 224, and 228 may be electrically 
coupled to the circuit element 215, such as by using the power and return 
connection terminals of the sockets 214 and/or the power and return connection 
terminals of the electrical circuit 210. Typically, the power and return connection 
terminals of the circuit element 21 5 are grouped into two or more sets of power 
connection terminals 232 and return connection terminals 234. Thus, for example, 
the voltage source 216 may be electrically coupled to the socket 236 or the electrical 
circuit 210 via the power connection terminal 238 and the return connection 
terminal 240, and the voltage source 220 may be electrically coupled to the socket 
242 or the electrical circuit 210 via power connection terminal 244 and the return 
connection terminal 246. Similarly, the voltage source 224 may be electrically 
coupled to the socket 248 or the electrical circuit 210 via power connection terminal 
250 and the return connection terminal 252, and the voltage source 228 may be 
electrically coupled to the socket 254 or the electrical circuit 210 via power 
connection terminal 256 and the return connection terminal 258. 

In essence, the circuit element 215 will include a plurality of power and 
return connection terminals, which may be grouped into individual sets or portions 
of power and return connection terminals (e.g., sometimes designated as pin pairs). 
Each portion may then be connected to a separate power source phase output. The 
number of portions will typically depend on the ability of the voltage sources to 
supply current and control voltage according to the demands of the circuit element 
215. While four portions are shown in Figure 2, it should be noted that any number 
of portions may be selected by the designer of the power system 200, with the 
minimum number of portions being two. As used herein, a "connection terminal" 
may be any type of substance, device, or mechanism used to make an electrical 
connection between an electrical circuit and/or socket and a voltage source, 
including but not limited to spring pins, socket pins, solder, solder pads, and 
integrated circuit leads of all types. 

In any case, the designer will typically select the number of terminals in each 
portion to be approximately equal, or some other number which will maximize the 
likelihood that substantially equal amounts of current will flow through the power 
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and return connection terminals 232, 234 during the time power is supplied to the 
circuit element 215. Moreover, the designer will also typically select the number of 
power connection terminals 232 and the number of return connection terminals 234 
to be approximately equal, or some other number which will maximize the 
likelihood that substantially equal amounts of current will flow through the power 
and return connection terminals 232, 234 during the time power is supplied to the 
circuit element 215. 

It should also be noted that the voltage sources may each comprise a 
separate voltage regulator. Alternatively, any two or more voltage sources may be 
included in a single voltage regulator. For example, each one of the voltage sources 
216, 220, 224, and 228 may each be similar to, or identical to a Semtech SCI 153 
coupled to the power transistors, inductors, gate drivers, capacitors and/or other 
components required to construct a single phase VR, as is well known to those 
skilled in the art. Alternatively, all of the voltage sources 216, 220, 224, and 228 
may be included in a single voltage regulator, similar to, or identical to a single 
Semtech SCI 144 unit coupled to the power transistors, inductors, gate drivers, 
capacitors and/or other components required to construct a multi-phase VR, as is 
well known to those skilled in the art. That is, a single controller may be used in 
conjunction with all of the voltage sources 216, 220, 224, and 228, or a separate 
controller may be used for each voltage source. If desired, the system 200 may 
include a phase synchronizing connection 260 between two or more of the sources 
216, 220, 224, and 228, which allows the ripple of each voltage source to be 
distributed out of phase with the other voltage sources, such that the ripple present 
at the outputs Vi, V2, V3, and V4 is not allowed to accumulate. 

Another embodiment of the invention is illustrated in Figure 2, namely, a 
circuit board 262, which may include two or more voltage sources 212 attached to a 
circuit card 263, with each source 216, 220, 224, and 228 having a phase output 
218, 222, 226, and 230, and a voltage Vi, V 2 , V 3 , and V 4 , respectively. Of course, 
as noted above, the magnitude of each of the voltages Vi, V 2 > V 3 , and V 4 may be 
approximately equal. Also, all of the voltage sources 216, 220, 224, and 228 may 
be included in a single voltage regulator, or each one of the voltage sources 216, 
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220, 224, and 228 may be included in a separate regulator, and the circuit board 262 
may include a phase synchronizing connection 260 

The circuit board 262 also may include a circuit element 215 attached to the 
circuit card 263. The circuit element 215 may be electrically coupled to the voltage 
sources 216, 220, 224, and 228. The circuit element 215, which may be a 
microprocessor, an integrated circuit, a socket, or a combination of these, for 
example, may include a plurality of power connection terminals 232 and a plurality 
of return connection terminals 234. One portion of the plurality of power 
connection terminals 238 (which may include one or more individual power 
connection terminals) and one portion of the plurality of return connection terminals 
240 (which may include one or more individual return connection terminals) may be 
connected to a phase output 218 using a plurality of traces 264, 266 on the circuit 
card 263, while another portion of the plurality of power connection terminals 244 
and a portion of the plurality of return connection terminals 246 may be connected 
to another phase output 222 using another plurality of traces 268, 270 on the circuit 
card 263. 

Yet another embodiment of the invention is illustrated in Figure 2, namely, a 
computer 272, which may include two or more voltage sources 212 attached to the 
circuit card 263, with each source 216, 220, 224, and 228 having a phase output 
218, 222, 226, and 230, and a voltage Vi, V 2 , V 3 , and V 4 , respectively. As noted 
above, the magnitude of each of the voltages Vi, V2, V3, and V4 may be 
approximately equal Also, all of the voltage sources 216, 220, 224, and 228 may 
be included in a single voltage regulator, or each one of the voltage sources 216, 
220, 224, and 228 may be included in a separate regulator, and the computer 272 
may include a phase synchronizing connection 260 

The computer 272 also may include a circuit element 215 attached to the 
card 263. The element 215 may be electrically coupled to the voltage sources 216, 
220, 224, and 228. The circuit element, which may be a microprocessor, a CPU, or 
a microprocessor mounted in a socket, for example, may include a plurality of 
power connection terminals 232 and a plurality of return connection terminals 234. 
One portion of the plurality of power connection terminals 238 (which may include 
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one or more individual power connection terminals) and one portion of the plurality 
of return connection terminals 240 (which may include one or more individual 
return connection terminals) may be connected to a phase output 218 using a 
plurality of traces 264, 266 on the circuit card 263, while another portion of the 
plurality of power connection terminals 244 and a portion of the plurality of return 
connection terminals 246 may be connected to another phase output 222 using 
another plurality of traces 268, 270 on the circuit card 263. 

One of ordinary skill in the art will understand that the power supply system 
of the present invention can be used in applications other than for circuit boards and 
computers, and thus, the invention is not to be so limited. The illustrations of a 
power supply system 200, a circuit board 262, and a computer 272 are intended to 
provide a general understanding of the structure of the present invention, and are not 
intended to serve as a complete description of all the elements and features of power 
supply systems, circuit boards, and computers which might make use of the circuitry 
and structures described herein. 

Applications which may include the novel power supply system, circuit 
board, and computer of the present invention include electronic circuitry used in 
high-speed computers, device drivers, power modules, communication circuitry, 
modems, processor modules, embedded processors, and application-specific 
modules, including multilayer, multi-chip modules. Such power supply systems, 
circuit boards, and computers may further be included as sub-components within a 
variety of electronic systems, such as televisions, cellular telephones, personal 
computers, personal radios, aircraft, and others. 

Figure 3 is a flow chart illustrating a method of providing power to a circuit 
element, according to an embodiment of the present invention. Considering a 
circuit element with a plurality of power connection terminals and a plurality of 
return connection terminals, the method 361 may include selecting a portion of the 
plurality of power connection terminals electrically coupled to the circuit element 
(at block 363) and selecting a portion of the plurality of return connection terminals 
electrically coupled to the circuit element (at block 365). The method 361 may also 
include connecting a phase output supplied at a voltage (e.g., Vi) of a voltage source 
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to the selected portions of the pluralities of power and return terminals. As noted 
previously, the circuit element may be a microprocessor, a socket, or a combination 
of these, among other possibilities. 

Going on to block 369, it can be seen that the method may include selecting 
another portion of the plurality of power connection terminals electrically coupled 
to the circuit element, as well as selecting another portion of the plurality of return 
connection terminals electrically coupled to the circuit element (at block 371); and 
then connecting a phase output of another voltage source at another voltage (e.g., 
V 2 ) to the these newly-selected portions of the pluralities of power and return 
terminals at block 373. Typically, each phase output is supplied at a voltage which 
is approximately equal to that which is available at the other phase outputs (e.g., Vi 
* V2). As noted above, each phase output may be supplied by a single voltage 
regulator, or separate voltage regulators. 

The method may also include the step of inserting a phase synchronizing 
connection between the voltage sources at block 375. Finally the method may end 
at block 377, or continue with repeatedly selecting other portions of the plurality of 
power and return connection terminals, and connecting the selected portions of 
connection terminals to additional voltage sources, along with making additional 
phase synchronizing connections (blocks 363-375) at block 379. 

Figure 4 is a graph which shows the improvement in supply voltage droop 
which may be obtained using an embodiment of the present invention. The graph 
482 illustrates the supply source voltage 483 present at the connection terminals of a 
socketed CPU, versus time 484. If the CPU is powered as shown in prior art Figure 
1, then the voltage droop at the N and S sides of the socket may be in accordance 
with the curves 485 and 486, respectively. However, if the CPU is powered as 
shown in Figure 2, according to the teachings of the present invention, then the 
voltage droop at opposing sides of the socket (e.g., N and S, which correspond to Vi 
and V 2 ), as measured at the power and return connection terminals 238, 244 and 
240, 246, respectively, may be in accordance with the curves 487 and 488, 
respectively. In this case, the transient voltage droop using the system and method 
of the present invention has been reduced by about 20%. 
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Figure 5 is a graph illustrating another improvement which may be obtained 
by using an embodiment of the present invention, namely, better supply current 
distribution. The graph 590 illustrates supply source current 591 present at the 
connection terminals of a socketed CPU, versus time 592. If the CPU is powered as 
shown in prior art Figure 1, then the current flowing through the N and S sides of 
the socket may be in accordance with the curves 593 and 594, respectively. 
However, if the CPU is powered as shown in Figure 2, according to the teachings of 
the present invention, then the current flow through opposing sides of the socket 
(e.g., N and S, which correspond to currents associated with Vi and V 2 ), as 
measured at the power and return connection terminals 238, 244 and 240, 246, 
respectively, may be in accordance with the curves 595 and 596, respectively. In 
this case, the current flow variation has been reduced by about 400%. This 
reduction, as well as that in the voltage droop, have been obtained without 
increasing the motherboard real estate (assuming a single VR with multiple phase 
outputs is used), replacing the CPU socket, or changing the socket power and 
ground pin definitions. 

The system, circuit board, computer, and method of the invention provide 
for the equitable distribution of current to a circuit element, such as a socketed CPU, 
as well as reduced voltage droop when increased demands for current arise. The 
invention also prolongs socket life, and enables voltage sources to exhibit tighter 
control on the voltage supplied to various circuit elements. 

Although specific embodiments have been illustrated and described herein, 
those of ordinary skill in the art appreciate that any arrangement which is calculated 
to achieve the same purpose may be substituted for the specific embodiment shown. 
This disclosure is intended to cover any and all adaptations or variations of the 
present invention. It is to be understood that the above description has been made in 
an illustrative fashion, and not a restrictive one. Combinations of the above 
embodiments, and other embodiments not specifically described herein will be 
apparent to those of skill in the art upon reviewing the above description. The scope 
of the invention includes any other applications in which the above structures, 
circuitry, and methods are used. The scope of the invention should be determined 
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